Abstract: Phenolic compounds are important components of wine and are known to have an impact on the physiology of wine microbes. The influence of specific sub-sets of phenolic compounds on the growth and metabolism of lactic acid bacteria (LAB) and on the diversity of Oenococcus oeni in inoculated and non-inoculated red wines was investigated during malolactic fermentation (MLF) and subsequent storage. Representative O. oeni strains from wines treated with flavonols and trans-resveratrol were isolated and analyzed by pulsed-field gel electrophoresis of rare restriction enzyme digests (REA-PFGE). 28 days after MLF initiation, strains from all samples had entered the death phase, except those supplemented with trans-resveratrol. In the non-inoculated samples, the onset of lactic acid production was apparently delayed by all compounds tested, except for the flavan-3-ols. Increased levels of phenolics also delayed citrate consumption in inoculated samples. PFGE analysis revealed 22 genetic profiles, and some profiles were characteristics of specific samples. The commercial starter used in the inoculated wines did not dominate during MLF. The effect of the phenolics studied was dependent on the origin and concentration of each as well, as the fermentation stage and whether the wines were inoculated. The effect of flavonols and trans-resveratrol seemed to be strain-dependent, which could have implications on the final quality of wines.
Introduction
Malolactic fermentation (MLF) is a desirable step in the vinification process of most red wines. It is conducted by certain specific species of lactic acid bacteria (LAB), by far the most important of which is Oenococcus oeni. The result of a successful MLF is an increased microbial stability of wine through the consumption of key carbon sources and other nutrients, which might otherwise be used by spoilage microorganisms, and through the production of antimicrobial compounds by LAB [1, 2] . The organoleptic properties of wine can also be altered during MLF by the consumption and liberation of various metabolites [3, 4] . Residual sugars can be metabolized into lactic acid or lactic acid, carbon dioxide, and ethanol or acetic acid via the fermentative pathways of LAB. Acetic acid, and hence the oenological parameter volatile acidity, can also increase in wine from the degradation of citric acid during MLF [5] . This MLF can be spontaneous, due to the microflora present in the winery or from the grape material, or it can be induced by inoculation with one of a number of selected starters, (trans-p-coumaric acid, trans-ferulic acid, and trans-caffeic acid), HCA are important compounds in the oxidation processes of wine, and they act as color stabilizers and flavor precursors [23] [24] [25] . Trans-resveratrol is the most relevant stilbene in wine, known for its antioxidant activity [26] and mostly coming from grape skins, being biosynthesized via the phenylalanine pathway as a defense response to biotic and abiotic stresses [27] .
Some phenolic compounds have been shown to have a species and strain-dependent impact on the activity of bacteria, which are relevant to wine quality. Phenolics can activate or inhibit microbial growth and metabolism, depending on their structures and concentrations [28, 29] . Hydroxycinnamic acids, and especially trans-p-coumaric acid, have been shown to exhibit a strong inhibitory effect on the growth and survival of malolactic starters and wine-spoilage strains [30] [31] [32] [33] . In addition to their antimicrobial effects, the presence of HCA has been observed to increase the cell membrane permeability of some wine LAB, to delay their metabolism of glucose and citric acid, and to increase the yield of lactic and acetic acid production from glucose [29, 34] . According to Devi et al. [35] , the microbial response to exposure to HCA is, in part, manifested as changes in membrane and enzyme compositions. Quercetin and (+)-catechin can stimulate cell growth and metabolism, or they have an antimicrobial effect, depending on their concentrations and the microorganisms targeted. Vaquero et al. [36] investigated the negative impacts of both quercetin and (+)-catechin against pathogenic bacteria. Some other studies mention that flavonols possess antimicrobial activities linked to their antioxidant properties, and to their potential cytotoxicity [37, 38] . At high concentrations, (+)-catechin has been observed to have an inhibitory effect on bacterial development [39] . However, according to another study, quercetin and (+)-catechin could stimulate MLF by O. oeni under certain conditions [40] . Moreover, previously published research suggest that some levels of (+)-catechin can activate the cell growth of some Pediococus pentosaceus and Lactobacillus plantarum strains [41] . Devi et al. [35] noted that among all the phenolic compounds tested, (+)-catechin exercised the least stress on the LAB tested. As for trans-resveratrol, this stilbene was described as a strong inhibitor against some contaminant yeasts and acetic acid bacteria [42] . Furthermore, as reported by García-Ruiz et al. [43] , both stilbenes and flavonols may have a negative impact on the growth of the O. oeni, L. hilgardii and P. pentosaceus strains isolated from wine. In addition, flavonols, especially kaempferol, have found to strongly inactivate some LAB by damaging their membranes [44] . Of course, the concentration of the compounds tested is critical to any effect, and most of the studies cited on this specific subject have been performed in culture media, with concentrations of phenolic compounds being far higher than those found in wines, and certainly not under real wine conditions.
In this present paper, the development of the malolactic microbiota was studied throughout, and immediately following MLF conducted with and without O. oeni starter inoculation. A post-alcoholic fermentation red wine, supplemented with varying concentrations of flavan-3-ols, HCA, flavonols, and trans-resveratrol was the matrix used in this experiment. The development of specific O. oeni strains was followed in the samples treated with flavonols and trans-resveratrol.
This study evaluated the impact of the addition of specific groups of phenolic compounds on the behavior of wine LAB, and more specifically, on the diversity of MLF starter O. oeni strains. The novelty of the work lies in the fact that it was performed directly in post-alcoholic fermentation wine supplemented with concentrations of phenolics that are within the range that is encountered in real wine situations.
Results

Effect of Grape Phenolic Compounds on the Growth of LAB
A significant reduction in the total bacterial growth (LAB) was observed after 14 days of incubation for both spontaneous and inoculated samples containing three times their initial concentrations in flavonols and HCA (Figure 1d,f) . At the lower concentrations tested, no impact was detected by flavonols, and only the bacterial growth rate of the wines undergoing spontaneous MLF was affected by (Figure 1e ). At the single concentration under which it was tested (3× original), trans-resveratrol showed an inhibitory effect similar to 2× HCA on the non-inoculated samples (Figure 1g ).
www.mdpi.com/journal/fermentation After 28 days of incubation, the LAB were in the death phase. The inhibitory effect was greater for 2× flavan-3-ols on the non-inoculated wines and 3× flavan-3-ol on the inoculated ones ( Figure  1a,b) . On the contrary, in the case of both the inoculated and non-inoculated samples supplemented with trans-resveratrol, the bacterial population was higher than for the other samples (Figure 1g ). No significant effect from the flavonols and HCA addition was observed at this stage. After 28 days of incubation, the LAB were in the death phase. The inhibitory effect was greater for 2× flavan-3-ols on the non-inoculated wines and 3× flavan-3-ol on the inoculated ones (Figure 1a,b) . On the contrary, in the case of both the inoculated and non-inoculated samples supplemented with trans-resveratrol, the bacterial population was higher than for the other samples (Figure 1g ). No significant effect from the flavonols and HCA addition was observed at this stage.
Influence of the Natural Phenolics Studied on the LAB Metabolism
During MLF, citric and L-malic acids are usually consumed by LAB before glucose and fructose are metabolized [28] . MLF was considered to be finished in all the wines 14 days after its initiation, as L-malic acid was no longer detectable at this time (detection limit = 0.16 g/L). Bacterial metabolism was affected differently, depending on the type of MLF (spontaneous or induced), and on the phenolic compounds added. Table 1 shows that the addition of all phenolic compounds except flavan-3-ols delayed the production of lactic acid in the samples undergoing spontaneous MLF. In the inoculated wines, only flavan-3-ols, at 3× concentration, suppressed lactic acid production ( Table 2 ). At the end of MLF, the concentration of acetic acid appeared to be lower for the non-inoculated wines treated with 3× flavonols, 3× HCA and 3× trans-resveratrol (respectively, 0.34 ± 0.03 g/L, 0.32 ± 0.03 g/L, and 0.33 ± 0.05 g/L, against 0.43 ± 0.00 g/L for the controls). However, the contrary effect was observed after 28 days of incubation for the 3× HCA and 3× trans-resveratrol experiments. Citric acid was already completely consumed at the end of MLF in the wines that went through the spontaneous MLF. In the samples inoculated with Oenos™, the addition of the phenolics studied decreased citrate consumption during MLF when compared to the control. y values represent the mean ± SD; h citric acid consumed at end-stage MLF (d14). nd = not detectable (detection limit of citric acid = 0.15 g/L).
Diversity of O. oeni Isolated From Red Wines Treated with Flavonols and Trans-Resveratrol
Pulsed-field gel electrophoresis of rare restriction enzyme digests analysis (REA-PFGE) of genomic DNA from seven commercial O. oeni strains showed that the NotI enzyme, used at 20 U, yielded more A total of 70 O. oeni colonies isolated from spontaneous fermentations and inoculated fermentations, as well as seven commercial starters were characterized genotypically by REA-PFGE. It was not possible to grow seven of the isolates, and for three further isolates, it was not possible to obtain a restriction enzyme digest (Table 3 ). Cluster analysis of the PFGE profiles of the 70 refreshed O. oeni isolates revealed 22 genotypes with specific profiles, three of these genotypes (P, T, V) contained commercial strains (Figure 2) . Most of the isolated strains digested with NotI shown predominantly 8, 9, or 10 bands.
On inspecting the dendrogram (Figure 2 ), the percentage of similarity between the unrelated profile varied from 62.5% to 96%. The seven commercial strain profiles were clustered together at 85% similarity. CiNe™ and Oenos™ profiles were ≥95% similar to CH16™ and CH35™.
The results also showed a clear distinction between most of the O. oeni strains isolated at the beginning of incubation, and those isolated 28 days later. The strains of profiles A, B, C (five strains), D and E were isolated specifically from the wines at the beginning of the MLF. Some strains from the profiles L and N were detected at both time-points.
Differences in the O. oeni strain composition were observed between inoculated and non-inoculated samples supplemented with the same family of phenolic compound. The commercial strain Oenos TM , used as a starter for the inoculated wine samples, apparently did not predominate during the malolactic fermentation. In fact, only one of the colonies isolated from the inoculated non-treated wines (WP265O) after 28 days of incubation, had the same PFGE profile as this starter strain (V). Two other strains considered by this analysis to be part of the same PFGE profiles of, respectively, Alpha TM (P) and CH11 TM (T), were found. The first one was in the non-inoculated wine treated with flavonols, and the second one was in the inoculated, non-treated wine. Among the 22 PFGE profiles, 12 were characterized by a unique strain, with the inoculated, non-treated wine containing the most of these.
Profiles L, F, and N showed the highest number of strains with 15, 13, and 8 isolates, respectively. The profile L was mostly present after 28 days of incubation in the non-supplemented samples, and F in the samples supplemented with flavonols, in the case of inoculated and non-inoculated wines.
Concerning the O. oeni diversity in the supplemented wines compared to the non-supplemented ones, the profiles X, Z and M were found only in non-supplemented wines. X and Z were unique strain profiles from inoculated samples, and profile M was composed of three strains from non-inoculated samples. I (three strains) and Q (unique strain) were two PFGE profiles only found in inoculated wines with added trans-resveratrol, contrary to J (two strains) and O (three strains) which were present in all the samples after 28 days of incubation, but the ones that were treated with the stilbene were studied. G and H (one strain each) were exclusively observed in wines treated with flavonols, contrary to Y (three strains). The strains from profile K were isolated in wines treated with both the phenolics studied. 
ND strains that did not grow when refreshed.
Fermentation 
Discussion
In this present study, biochemical, microbiological, and molecular tools were used to study the development of lactic acid bacteria, and the diversity of Oenococcus oeni strains isolated from red wines treated with small, grape-derived, phenolic compounds. In order to analyze the effect of an increase of particular classes of phenolics on MLF, the concentrations of flavan-3-ols, hydroxycinnamic acids, flavonols, and trans-resveratrol were doubled and tripled in inoculated and non-inoculated, post-alcoholic fermentation wines.
Unlike the results obtained by Hernandez et al. [45] , the concentrations of all the phenolics tested, except trans-p-coumaric acid, decreased during MLF for both inoculated and non-inoculated wines (Table S1 ). This observation might be explained by the complexation or precipitation of these compounds, or it may indeed be linked to the specific microbial population of the wine and some interaction with it.
The results reported here show that the effect of the phenolics studied on the growth and metabolism of LAB during MLF, as well as on the intraspecific diversity of O. oeni, was influenced by the type of phenolic and their concentrations, the stage of the fermentation and whether the wines were inoculated.
The addition of all the compounds tested, except for the flavan-3-ols, caused a delay in the lactic acid production for the non-inoculated wines. The reduction of the lactic acid production rate by the microbiota of non-inoculated samples treated with flavonols and HCA is concomitant with the inhibitory nature of these compounds at these concentrations (Figure 1d,f) .
The effect of flavan-3-ols on the LAB growth during fermentation was found to be dependent on the microbial population of the samples. No inhibitory effect was observed on the non-inoculated samples, but depending of the concentrations added, these compounds can negatively impact the LAB growth or delay the lactic acid production in the wine inoculated with the starter Oenos TM . These observations are in agreement with previous studies showing the variable effect of (+)-catechin on different LAB [35, 36, 39] .
The acetic acid yield was apparently repressed in the non-inoculated samples by HCA and trans-resveratrol at the end of MLF (14 days), although it increased after 28 days. A possible shift in the metabolic pathway of glucose consumption in Oenos TM towards acetic acid production, caused by hydroxycinnamic acids by was previously observed by Campos et al. [34] in experiments performed in growth medium. In our study, this observation is also noted for trans-resveratrol's effect on some indigenous LAB.
All of the compounds tested apparently caused a delay in citric acid degradation by the LAB in inoculated wines. A similar observation on citrate metabolism was shown by Campos et al. [34] , using the same O oeni stain that was inoculated in the growth medium and supplemented with HCA and other benzoic acids.
As reported by García-Ruiz et al. [43] , trans-resveratrol had a similarly negative impact on the growth and metabolism of LAB in non-inoculated samples as flavonols and HCA. Nevertheless, in this study, 28 days after initiation of incubation, the bacterial concentrations were higher in the wines treated with trans-resveratrol.
Polyphenol extracts have been tested on the O. oeni intra-diversity in wine [8, 13] but the effect of the addition of the individual families of phenolic compounds so far has not been explored. The peculiar activity of flavonols and trans-resveratrol against the O. oeni distribution in the wines was investigated in a preliminary way in this current study. PFGE-REA has been used successfully for strain typing O. oeni in red wines [6, 7, 13] . In this work, a PFGE-REA technique was employed on the 80 representative isolates from the non-treated wines, and the wines treated with flavonols and trans-resveratrol and identified as O. oeni by microscopic observation. NotI was used as a restriction enzyme to study the diversity and evolution of the wine O. oeni population. The isolates showed 22 different genetic profiles, indicating a considerable intra-specific diversity in the wines. One of the colonies that were randomly selected for subculture from the wines with no prior addition of phenolic compounds presented the same pattern as Oenos™, the starter that was employed in other parts of the experiment. The post-alcoholic fermentation wines used in this study were characterized by LAB concentrations of~10 4 CFU/mL. Together with a high diversity of O. oeni strains, these factors could explain why Oenos™, in inoculated experiments appears not to dominate the indigenous microbiota in this particular wine. The diversity of O. oeni was more influenced by the fermentation time than the type of MLF (inoculated or not) and the concentration of the phenolic compounds under study. Indeed, as observed in Figure 2 , two clear clusters, corresponding to the two strain isolation time points, grouped all the patterns.
The effect of phenolics on O. oeni seems also to be strain-dependent. Some authors [43] have observed a strong inhibitory effect for quercetin against four different O. oeni strains, with an IC 50 of 0.148 to 0.454 g/L, while others [40] have shown that the addition of 5-25mg/L of quercetin-activated malic acid degradation by another O. oeni strain. In our study, the profile L, grouping the highest number of strains, was less represented in the phenolic-treated samples. Moreover, the profiles X, Z, and M were found only in the wines, with no prior addition of phenolic compounds. A possible interpretation is that these strains are less tolerant to flavonols and stilbenes. The same goes for the strains from profiles I and Q, which are possibly enhanced by trans-resveratrol, whilst strains from profiles G and H might be activated by flavonols. On the other hand, strains from profiles J and O could be negatively impacted by trans-resveratrol and those from profile Y, by flavonols. These results seem to indicate that flavonols and trans-resveratrol could affect O. oeni positively or negatively, depending on the specific strain.
In summary, the effects of the addition of specific phenolic compounds on LAB behavior during MLF in wine have been described in this paper, highlighting the importance, in this respect, of the pre-malolactic winemaking techniques that influence the phenolic composition of the wine. More particularly, the increase of flavonols and trans-resveratrol concentrations at this stage could influence the malolactic bacterial population at the strain level and therefore possibly also the metabolic activities occurring during this period. More work should be focused on the specific effect of these compounds on each PFGE profile. Current work is being concentrated upon the effects of small grape phenolics on the metabolite characterization of wines following inoculated and spontaneously conducted MLF.
Materials and Methods
Malolactic Fermentation Experiments in Red Wine
The red wine used for the experiment (14.6 % (v/v) alcohol, pH 3.48, 1.510 g/L malic acid and 0.757 g/L lactic acid) was a varietal wine from the Touriga Franca variety collected before malolactic fermentation in the Douro region in Northern Portugal from the 2016 harvest (stored at 4 • C before the initiation of the experiment). Touriga Franca is the most widely grown variety in the Douro Demarcated Region, normally being blended with other varieties for the still and fortified wines of the region. The wine used had been through a spontaneous (non-inoculated) alcoholic fermentation with no addition of SO 2 at the end of fermentation.
Inoculated and non-inoculated MLF experiments were carried out in parallel. The LAB population at the beginning of these fermentations were~10 4 CFU/mL. The commercial O. oeni strain Viniflora Oenos™ from Ch. Hansen (Hørsholm, Denmark) was directly inoculated into the wine at an initial concentration of 10 6 CFU/mL.
Flavan-3-ols ((+)-catechin hydrate, purity = 99% and (-)-epicatechin, purity = 90%), flavonols (kaempferol and quercetin, purity > 99%), hydroxycinnamic acids (trans-p-coumaric acid, purity = 98% and trans-ferulic acid, purity = 99%) and trans-resveratrol (purity = 99%), obtained from Sigma-Aldrich (Steinheim, Germany), were previously dissolved in ethanol before being added into the treated wines. The initial concentrations of these compounds in the wine ((+)-catechin 28.34 ± 1.05 mg/L; (−)-epicatechin 12.60 ± 0.51 mg/L; kaempferol 1.84 ± 0.08 mg/L; quercetin 3.19 ± 0.25 mg/L; trans-p-coumaric acid 0.53 ± 0.07 mg/L; trans-ferulic acid 0.16 ± 0.11 mg/L; trans-resveratrol 1.30 ± 0.11 mg/L) were doubled (×2) and tripled (×3), to mimic pre-fermentation variations, with values within the ranges encountered in real wine situations (Table 4 ). All treated wines were compared to the non-treated (control) ones.
MLF experiments were conducted in laboratory-scale, sterile conditions, in 50 mL flasks (Figure 3 ). Control wines and wines containing phenolic compounds, all in duplicate, were incubated at 25 • C in the dark with no agitation. During the incubation, the wine contents of L-malic acid and L-lactic acid were monitored by HPLC-UV-RI (High performance liquid chromatography with ultraviolet and refractive index detection). MLF was considered finished when L-malic acid was no longer detectable (nominal detection limit = 0.16 g/L). At the beginning of MLF-prior to the addition of phenolics, 14 and 28 days after, a 100 µL sample of each assay was collected and directly diluted for plating. Another 1 mL volume of sample was kept in a commercial freezer (−20 • C) for metabolite analysis. MLF experiments were conducted in laboratory-scale, sterile conditions, in 50 mL flasks ( Figure  3) . Control wines and wines containing phenolic compounds, all in duplicate, were incubated at 25 °C in the dark with no agitation. During the incubation, the wine contents of ʟ-malic acid and ʟ-lactic acid were monitored by HPLC-UV-RI (High performance liquid chromatography with ultraviolet and refractive index detection). MLF was considered finished when ʟ-malic acid was no longer detectable (nominal detection limit = 0.16 g/L). At the beginning of MLF-prior to the addition of phenolics, 14 and 28 days after, a 100 µL sample of each assay was collected and directly diluted for plating. Another 1 mL volume of sample was kept in a commercial freezer (−20 °C) for metabolite analysis. 
Sugars and Organic Acids Determination
The analytical methods used have been previously employed in the authors' laboratory and have been proven to be robust and accurate for this type of matrix [34] . Organic acids (citric acid, acetic acid, malic acid, lactic acid), and sugars (glucose, fructose) were analyzed by HPLC-UV-RI, with a UV detector at 210 nm (K-2501) and a refraction index (RI) detector (K-2301), both from KNAUER (Berlin, Germany). The column used was an Aminex HPX-87H 300 × 7.8 mm from Bio-Rad laboratories (Hercules, California, CA, USA) at a temperature of 55 • C, and the mobile phase a solution of sulfuric acid 2.5 mM at a flow-rate of 0.5 mL/min. Samples were analyzed in duplicate, diluted five times, and syringe-filtered (with a 0.45 µm cellulose acetate filter) before injection (20 µL).
LAB Quantification, Isolation, and Identification
Wine samples were diluted and plated on MRS (de Man, Rogosa & Sharpe) medium from BIOKAR Diagnostics (Allonne, France) supplemented with 5% (v/v) absolute ethanol from Carlo Erba (Val-de-Reuil, France), 10 mg/L cycloheximide (Sigma-Aldrich, Steinheim, Germany) and 2% (w/w) agar from Liofilchem (Roseto degli Abruzzi, Italy), with a pH adjusted to 4.5 with a 12 M hydrochloric acid solution. Plates were incubated at 25 • C for 8-10 days. Lactic acid bacteria counts were made by the drop-count technique [49] . For the non-treated wines and the wines treated with 2× flavonols and trans-resveratrol, 10 isolated colonies were randomly chosen from each sample plates at the beginning of the MLF, and 28 days after its initiation. Isolates were sub-cultured onto the same medium for purification. Each pure colony was then grown in liquid MRS medium, with the same composition but without agar, and stored at −80 • C with 30% (v/v) glycerol (Sigma-Aldrich, Germany) before molecular analysis. The 80 isolated LAB strains were initially identified as O. oeni form their appearance under microscope (observed at ×1000 magnification).
Commercial LAB Strains
Seven commercial O. oeni strains: Oenos TM , CH11 TM , CH16 TM , CH35 TM , CiNe TM (Ch. Hansen, Denmark) as well as Alpha TM and VP41 TM from Lallemand (Montreal, QC, Canada) were used in this study to optimize the REA-PFGE protocol, and as a comparison with the indigenous strains. The bacteria were added at 10 6 CFU/mL for growth in the same liquid medium, as for the isolated strains having previously been re-suspended into peptone water (10 g peptone, 5 g NaCl in 1 L H 2 O, pH 7.2).
REA-PFGE
The REA-PFGE protocol described by García-Ruiz et al. [13] was followed with some slight modifications. Except where otherwise stated, all liquid were grown without agitation at 25 • C. Pre-cultures of 2 mL in MRS broth, were made for each strain from stock cultures and grown for seven days. The fresh cultures used for digestion and electrophoresis were prepared by inoculating 4 mL of MRS medium with 40 µL (1% v/v) of the pre-cultures and growing these for six days to reach an absorbance of approximately 0.5 at a 600 nm wavelength, as measured in an UV/VIS UNICAM 8620 spectrophotometer (UNICAM, Cambridge, UK). Cells were harvested by centrifugation (5 min, 10,000 g at room temperature), the supernatant discarded and the pellets washed twice with 1 mL of 1 × TE (10 mM Tris-HCl, 1 mM EDTA, pH 8) before being resuspended in 200 µL of T 100 E (10 mM Tris-HCl, 100 mM EDTA, pH 8). The cell suspensions were mixed with an equal volume of 1% (w/v) SeaKem TM Gold Agarose (Lonza, Switzerland), which was pre-melted and kept at 60 • C. PFGE molds were filled with the mixtures to obtain three plugs per strain, and the plugs were let to solidify 20 min at room temperature. Cells embedded in the agarose plugs were lysed for 3 hr at 37 • C in 1 mL lysozyme (10 mg/mL buffer) (Thermo Fisher Scientific, Waltham, MA, USA). The lysis buffer was replaced with 1 mL of 2 mg/mL Pronase E/1.5% N-lauryl sarcosyl buffer in T 100 E (Pronase E from Streptomyces griseus, Sigma-Aldrich), and incubated for 16 h at 37 • C. The plugs were rinsed four times for 30 min with 4 mL 1 × TE in a shaking water bath set at 55 • C. The 5 mL tubes containing the plugs were filled with 5 mL 1 × TE and stored at 4 • C before restriction enzyme digestion. A half-plug of each strain was digested with 20 U NotI restriction endonuclease (10 U/mL, Thermo Fisher Scientific) in a volume of 200 µL for 16 hr at 37 • C. As a size marker and normalization reference, plugs of Salmonella serotype Braenderup H98122 restricted with XbaI (10 U/mL, Thermo Fisher Scientific) 50 U 2 h/37 • C were prepared and kept at 4 • C before electrophoresis. Standards were placed in the gel every six lanes. The digested DNA fragments were separated by electrophoresis in a 1% SeaKem TM Gold Agarose in 3 L 0.5× TBE buffer (0.1 M Tris, 0.09 M boric acid, 0.01 M EDTA, pH 8) with a CHEF-DRIII apparatus (Bio-Rad). Electrophoresis was performed for 20 h at 15 • C, 6 V/cm, with interpolation pulse time of 2.5 s to 25 s, and an included angle of 120 • . Gels were stained with ethidium bromide (0.7 mg/mL) and washed twice in deionized water, and images were taken using a Bio-Rad ChemiDoc™ MP System from Bio-Rad (Hercules, California, CA, USA). The fingerprint data were analyzed using BioNumerics 6 software. The Dice coefficient with 1% optimization and 2% band position tolerance settings and the clustering algorithm UPGMA were chosen to compare the PFGE profiles.
Statistical Analysis
Sugars and organic acids analyses in order to show the progression of the major metabolic alterations, experiments were performed in duplicate, and each sample was analyzed once. The reproducibility of the chromatographic analyses was assured by repeating the samples at the beginning, middle, and end of each analytical session, in all cases values were similar. Microbial counts were performed in triplicate on each sample taken. Data were subjected to statistical analysis using JMP13 for Windows XP, at a confidence level of 95% (p = 0.05). Dunnett´s test was run to compare the means of each sample relatively to the controls.
